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A B S T R A C T 
 
The aim of this study was to assess the influence of environmental factors on the fish distribution and 
abundance in Mar Chiquita coastal lagoon. Seasonal fish sampling stations were distributed along the 
lagoon and grouped in three zones from a mixo-oligohaline waters zone with high contribution of 
freshwater to a mixo-eurihaline waters zone with high marine water influence. A mixo-mesohaline 
waters zone characterized the middle part of the lagoon. The  results showed that the fish 
composition was dominated by marine estuarine dependent (ED) species in all three zones and in all 
seasons: Odontesthes argentinensis, Brevoortia aurea, Mugil liza and Micropogonias furnieri were 
the most representative species. The following important ecological category was freshwater fishes 
(FW), with Platanichthys platana and Jenynsia multidentata being the most representative species. 
According to the best model selected, by fitting generalized linear models, abundance of ED 
increased as water temperature increased during summer and autumn in all three zones. The highest 
abundance was recorded in the mixo-eurihaline waters zone. On the other hand, FW abundance 
increased with high rainfall and also when easterly winds blew. In conclusion, a  differential habitat 
use by the species that occur in the Mar Chiquita coastal lagoon was observed. A few ED species 
dominated the fish composition but FW species also made use of the lagoon during periods of heavy 
rainfall. 
 
R E S U M O 
 
O objetivo deste estudo foi avaliar a influência de fatores ambientais sobre a distribuição e 
abundância de peixes na lagoa costeira Mar Chiquita. Estações sazonais de amostragem de peixes 
foram distribuídas ao longo da lagoa e agrupadas em três zonas de uma zona de águas Mixo-
oligohalino com elevado aporte de água doce para uma zona de águas Mixo-eurihaline com alta 
influência da água do mar. Uma zona de águas Mixo-mesohalino caracteriza a parte do meio da 
lagoa. Os resultados mostraram que a composição dos peixes foi dominada por espécies marinhos 
estuarinos dependentes (ED) em todas as três zonas e em todas as estações: Odontesthes 
argentinensis, Brevoortia aurea, Mugil liza e Micropogonias furnieri foram as espécies mais 
representativas. A categoria seguinte mais importante foi peixes de água doce (FW), com 
Platanichthys platana e Jenynsia multidentata sendo as espécies mais representativas. De acordo 
com o melhor modelo selecionado pelo ajuste de modelos lineares generalizados, a abundância de 
ED aumentou de acordo com  a temperatura da água durante o verão e outono, em todas as três 
zonas. A maior abundância foi registrada na zona de águas mixo-eurihalinas. Por outro lado, a 
abundância de FW aumentou com o aumento da pluviosidade e também quando os ventos de direção 
leste sopraram. Em conclusão, a utilização diferencial do habitat pelas espécies que ocorrem na lagoa 
costeira Mar Chiquita foi observada. Poucas espécies ED dominaram a composição de espécies de 
peixes, enquanto FW fizeram uso da lagoa quando as condições de alta pluviosidade foram 
observados. 
 
Descriptors: Fish distribution patterns, Estuarine environments, Generalized linear models, Mar 
Chiquita coastal lagoon. 
Descritores: Padrões de distribuição de peixes, Ambientes estuarinos, Modelos lineares 
generalizados, Lagoa costeira Mar Chiquita. 
                                
INTRODUCTION 
  
 
Coastal lagoons are shallow estuarine 
environments where salt and fresh water interact, the 
water mass is impounded by some type of sedimentary 
barrier and the connection with the open sea is 
restricted to one to several openings (inlets) in the 
barrier maintained mainly due to the action of tidal 
currents against the effect of wave-generated 
longshore currents (ISLA, 1995). In particular, choked 
coastal lagoons are characterized by the diffuse 
transport which is the principal process involved 
in flushing the lagoon (KJERFVE; MAGILL, 1989). 
Estuaries and coastal lagoons constitute ecosystems of 
biological and ecological importance in both tropical 
(BLABER, 2000) and temperate (ELLIOTT; 
HEMINGWAY, 2002) habitats. These habitats have 
high fish productivity (DAY; YÁÑEZ-ARANCIBIA, 
1985; COUSSEAU et al., 2001) and play an important 
role in biological and reproductive cycles of many 
marine species (GALVÁN-PIÑA et al., 2003). Also 
these shallow bodies of water are exposed to several 
physical variations mainly of temperature and salinity 
(ISLA, 1995), and biological variations such as 
predation, competition and refuge (GIBSON, 1994), 
which lead to particular adaptations of the associated 
ichthyofauna, affecting the distribution of the 
organisms in these habitats (ELLIOT; 
HEMINGWAY, 2002). 
The relationship between environmental 
factors and the distribution of organisms within 
estuarine environments has received considerable 
attention. Because fish are one of the dominant macro 
faunal components of estuarine biota, many studies 
have focused on their distribution patterns (BLABER; 
BLABER, 1980; MARSHALL; ELLIOTT, 1998; 
WHITFIELD, 1999; AKIN et al., 2005; 
SELLESLAGH; AMARA, 2009). Several parameters 
influence the differential distribution of both the 
juveniles and adults of fish species. The relative 
importance of each factor differs according to the 
species (BLABER; BLABER, 1980). Knowledge and 
understanding of estuarine habitat use by juveniles is 
important for the improvement of conservation 
policies with a view to preserving these ecologically 
important environments (SELLESLAGH; AMARA, 
2009). 
The Mar Chiquita coastal lagoon (37º32’S, 
57º19’W, Argentina; a UNESCO Man and the 
Biosphere Reserve; UNESCO, 1996) is a 46-km2 body 
of brackish water affected by semidiurnal low 
amplitude (<1m) tides (RETA et al., 2001) and is 
characterized by mudflats and surrounding marshes 
dominated by the cordgrass Spartina densiflora (e.g. 
ISACCH et al., 2006) and the burrowing crab 
Neohelice granulata (e.g. IRIBARNE et al., 1997). An 
inlet 6 km long and 200 m in width links the lagoon to 
the ocean (RETA et al., 2001). Sea water inflow 
depends on the tides and also on wind direction and 
intensity, the largest inflows have been recorded to 
occur under the influence of strong southeasterly 
winds (OLIVIER et al., 1972). Freshwater inflows 
are due to several artificial channels and streams, of 
which Vivoratá stream is one of the largest and the 
only one reaching the inlet of the lagoon (OLIVIER et 
al., 1972). Temperature and salinity are extremely 
variable, the latter having a horizontal gradient (RETA 
et al., 2001; GONZÁLEZ CASTRO et al., 2009). This 
lagoon acts as a refuge and feeding ground for juvenile 
fish during their critical development stages, and it is 
also used by adult fish for feeding and likely as a 
stopover site along their migratory routes 
(COUSSEAU et al., 2001; VALIÑAS et al., 2010). 
Temperature and salinity have been identified as 
important factors affecting the distribution of the main 
fish species within the Mar Chiquita coastal lagoon 
(GONZALEZ CASTRO et al., 2009). However, there 
is little information regarding the effect of weather 
variables coupled to water properties on the fish 
distribution. 
The aim of this study was to assess the 
influence of environmental factors, such as water 
temperature, salinity and depth, as well as rainfall, 
wind direction and wind speed on both fish 
distribution and abundance in the Mar Chiquita coastal 
lagoon. 
  
MATERIAL AND METHODS 
  
Sampling and Environmental Data 
  
Monthly fish samplings were carried out 
between February 1996 and January 1998 and then 
grouped by season. A total of 8 sampling stations (Fig. 
1) were selected, distributed along the lagoon in three 
areas according to different environmental 
characteristics related to horizontal salinity range 
(COUSSEAU et al., 2001). Sampling station (St.) 1 
(Channel 7 mouth) and St. 2 (San Antonio) 
corresponded to zone 1, with mixo-oligohaline 
water, little marine influence but a considerable 
contribution of freshwater from the streams and 
channels that flow into the lagoon. St. 3 (Punta 
Ondina), St. 4 (Punta Pejerrey), St. 5 (Galán) and St. 6 
(Vuelta de Gómez) corresponded to zone 2, with 
mixo-mesohaline water, in the middle part of the 
lagoon. St. 7 (The Yacht Club) and St.8 (Mar Chiquita 
coastal lagoon mouth) corresponded to zone 3, with 
mixo-eurihaline water and great marine influence. 
Sampling stations were taken as replicates of each 
zone of the lagoon. Because of logistical difficulties, 
zone 1 could not be sampled in winter 1996. 
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Fig. 1. Map of Mar Chiquita coastal lagoon with location of 
the sampling stations (St.). The inset shows the location of 
the study area in South America. St. 1: Channel 7 mouth, St. 
2: San Antonio, St. 3: Punta Ondina, St. 4: Punta Pejerrey, St. 
5: Galán, St. 6: Vuelta de Gómez, St. 7: The Yacht Club, St. 
8: Mar Chiquita coastal lagoon mouth. 
 
An 18 m long, 1.8 m wide nylon beach seine 
net with a 12 mm stretch mesh size and 4 m cod end 
was used to collect the samples during 3 min hauls 
parallel to the shoreline. Fish were identified to 
species  level,  counted  and   measured to the nearest 
1 mm body length. The depth was recorded at each 
sampling station. Also water temperature (measured in 
ºC) and salinity (measured using the Practical Salinity 
Scale) were recorded using an alcohol thermometer 
and a Hydrobios refractometer, respectively. Rainfall, 
wind direction and wind speed were obtained from 
Mar Chiquita’s Meteorological Davis Instruments 
Weather Monitor II model Station. 
  
Data Analysis 
  
To categorize the fish composition within 
the coastal lagoon, fish species were grouped in 
ecological categories (Table 1), following Whitfield 
(1998) and Moyle and Cech (2004), and classified as 
estuarine resident fish (ER) (those that inhabit 
estuarine waters throughout their life cycle), estuarine 
dependent marine fish (ED) (marine species which are 
predominantly found in lagoons at some stage of their 
life cycle), estuarine nondependent marine fish (EN) 
(species commonly found in both estuarine and coastal 
inshore areas and do not depend upon estuarine 
environment to complete their life cycles), occasional 
marine visitor fish (OV) and freshwater fish (FW). 
Fish abundance variability related to 
environmental factors was assessed using the 
generalized linear models (GLMs) (VENABLES; 
RIPLEY, 2002). For each ecological category, models 
were built with the number of fish captured as the 
response variable and the zone of the lagoon (zones 1, 
2 and 3), season (summer, autumn, winter and spring 
1996 and 1997), temperature (°C), salinity, depth (m), 
rainfall (mm), wind direction and wind speed (km s-1) 
as independent variables. Since models had larger 
variance-mean relationships and many zero values 
characterized the samples, a negative binomial error 
distribution and a log link were specified 
(CRAWLEY, 2005). Model parameters were obtained 
by maximizing the maximum likelihood (CRAWLEY, 
2005). 
Each model consisted of possible 
combinations of the above indicated environmental 
factors. To select the model that best explained the 
abundance of a given ecological category, a multiple-
hypothesis model approach was used (FRANKLIN et 
al., 2001; JOHNSON; OMLAND, 2004). For each 
ecological category, the Akaike Information Criterion 
(AIC) of all the models considered was calculated and 
the model with the lowest AIC was selected as the best 
(FRANKLIN et al., 2001). Each model was weighed 
against the others using Akaike weights (w), which 
gives an estimation of the likelihood of the model's 
fit according to the data used (ANDERSON et al., 
2000; FRANKLIN et al., 2001; JOHNSON; 
OMLAND, 2004). 
  
RESULTS 
 
Fish Composition and Ecological Categories 
  
Overall 30,068 individuals belonging to 16 
families and 28 species were collected during the 
study period. The highest average abundance was 
recorded in zone 3 with 222.70 (± 690.05) individuals 
while the lowest was recorded in zone 2 with 75.36 (± 
93.45) individuals. 
Fifteen of the 28 species collected occurred 
in zone 1 (Table 1). Mugil liza and Odontesthes 
argentinensis were the only species collected in all the 
samples, the latter being the most frequent (100%F) 
and abundant (130.42 ± 168.17) in this area; followed 
by M. liza (14.73 ± 39.15), Brevoortia aurea (6.24 ± 
28.75), Jenynsia multidendata (5.06 ± 16.75) and 
Micropogonias furnieri (2.79 ± 9.72). Other species 
present in this area rendered an average abundance of 
less than 1. The freshwater species Cnesterodon 
decemmaculatus, Oligosarcus jenynsii, Pimelodella 
laticeps and Rhamdia quelen were only present in this 
zone. 
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Table 1. Species; ecological categories (EC): occasional marine visitor fish (OV), estuarine nondependent marine fish (EN), 
estuarine dependent marine fish (ED) and freshwater fish (FW); occurrance percentage (%F); average abundance (Average ab.); 
size range as body length (Size rg.) and ontogenetic stage (Stg): juvenil (J) and adult (A) of fish collected by zone during the 
study period. 
 
 
Species EC ZONE 1 ZONE 2 ZONE 3 
  
%F Average ab. (mean ± SD) 
Size rg. 
(mm) Stg. %F 
Average ab. 
(mean ± SD) 
Size rg. 
(mm) Stg. %F 
Average ab. 
(mean ± SD) 
Size rg. 
(mm) Stg. 
Anchoa marinii OV - - - - 0.91 0.01 ± 0.09 49 J - - - - 
Lycengraulis 
grossidens ED 3.03 0.03 ± 0.17 119 J, A 6.36 0.81 ± 7.04 30-135 J, A 12.16 0.24 ± 0.84 47-225 J, A 
Brevoortia aurea ED 21.21 6.24 ± 28.75 35-85 J 48.18 18.93 ± 42.11 25-341 J, A 67.57 178.85 ± 626.11 20-120 J, A 
Platanichthys platana FW 15.15 0.33 ± 1.02 34-70 A 14.55 1.00 ± 3.82 30-68 A 29.73 3.88 ± 9.86 30-80 A 
Ramnogaster arcuata ED - - - - 5.45 0.64 ± 4.29 40-70 A 5.41 1.65 ± 12.58 40-58 A 
Bryconamericus 
iheringii FW 6.06 0.06 ± 0.24 58-69 A 4.55 0.08 ± 0.43 54-72 A 4.05 0.15 ± 0.77 51-91 A 
Cheirodon interruptus FW 3.03 0.03 ± 0.17 46 A - - - - 1.35 0.01 ± 0.12 41 A 
Hyphessobrycon 
anisitsi FW 3.03 0.03 ± 0.17 67 A - - - - 1.35 0.03 ± 0.23 61-64 A 
Oligosarcus jenynsii FW 6.06 0.24 ± 1.23 65-87 J - - - - - - - - 
Rhamdia quelen FW 3.03 0.03 ± 0.17 54-88 J - - - - - - - - 
Pimelodella laticeps FW 9.09 0.21 ± 0.89 87 J - - - - - - - - 
Mugil liza ED 54.55 14.73 ± 39.15 30-440 J 24.55 1.75 ± 9.69 24-543 J, A 24.32 1.86 ± 5.88 21-455 J, A 
Odontesthes 
argentinensis ED 100 
130.42 ± 
168.17 35-220 J, A 90 45.67 ± 66.91 40-320 J, A 81.08 32.55 ± 75.96 20-296 J, A 
Odontesthes incisa EN - - - - 0.91 0.01 ± 0.09 83 J 1.35 0.3 ± 2.56 70-95 J 
Jenynsia multidentata FW 36.36 5.06 ± 16.75 18-75 A 7.27 0.07 ± 0.26 42-70 A 5.41 0.07 ± 0.30 45-55 A 
Cnesterodon 
decemmaculatus FW 3.03 0.03 ± 0.17 30 A - - - - - - - - 
Diplectrum radiale OV - - - - - - - - 1.35 0.01 ± 0.12 39 J 
Dules auriga OV - - - - 0.91 0.01 ± 0.09 62 J - - - - 
Pomatomus saltatrix OV - - - - 0.91 0.01 ± 0.09 156 J - - - - 
Cynoscion guatucupa EN - - - - 2.73 0.04 ± 0.23 72-108 J 1.35 0.01 ± 0.12 35 J 
Menticirrhus 
americanus EN - - - - 0.91 0.01 ± 0.09 158 J - - - - 
Micropogonias 
furnieri ED 9.09 2.79 ± 9.79 21-90 J 22.73 5.55 ± 23.26 35-110 J 35.14 1.53 ± 4.01 26-225 J 
Pogonias cromis ED - - - - - - - - 1.35 0.03 ± 0.23 62-92 J 
Umbrina canosai EN - - - - - - - - 1.35 0.04 ± 0.35 49-60 J 
Australoheros facetus FW - - - - - - - - 1.35 0.01 ± 0.12 59 A 
Paralichthys 
orbignyanus ED 24.24 0.3 ± 0.59 56-80 J 23.64 0.65 ± 1.53 30-400 J, A 31.08 0.77 ± 1.49 20-207 J, A 
Oncopterus darwinii ED - - - - 2.73 0.05 ± 0.28 65-109 J 24.32 0.69 ± 1.81 25-132 J 
Symphurus jenynsi EN - - - - 5.45 0.09 ± 0.39 45-95 J 1.35 0.01 ± 0.12 74 J 
 
Eighteen  of the 28 species collected 
occurred  in  zone 2. Odontesthes argentinensis was 
the most frequent (90%F) and abundant (45.67 ± 
66.91),  followed  by Brevoortia aurea (18.93 ± 
42.11), Micropogonias furnieri (5.55 ± 23.26) and 
Mugil liza (1.75 ± 9.69). Anchoa marinii, Dules 
auriga, Menticirrhus americanus, Oncopterus 
darwinii and Pomatomus saltatrix were only present in 
this zone. 
A large number of species were recorded in 
zone 3 (20 of the 28 collected). Although Odontesthes 
argentinensis was the most frequent fish species in 
this area (81.08%F), Brevoortia aurea was the most 
abundant (178.85 ± 626.11), followed by O. 
argentinensis (32.55 ± 75.96) and Platanichthys 
platana (3.88 ± 9.86). Australoheros facetus, 
Diplectrum radiale, Pogonias cromis and Umbrina 
canosai were only present in this zone. 
In terms of ecological categories, fish 
composition was dominated by ED species in all of the 
lagoon's three zones and in all the seasons of the 
year, and they accounted for 96.24%, 98.24% and 
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97.97% of the overall abundance of zones 1, 2 and 3, 
respectively; followed by FW species, which 
accounted for 3.76%, 1.53% and 1.86 % in each zone, 
respectively; EN species with 0.19% and 0.16% in 
zones 2 and 3, respectively and OV species with 
0.03% and 0.01% in zones 2 and 3, respectively. No 
ER species were collected during the study period. 
The two most important ecological categories were 
clearly dominated by few species: ED by Odontesthes 
argentinensis, Brevoortia aurea, Mugil liza and 
Micropogonias furnieri and FW by Platanichthys 
platana and Jenynsia multidentata. 
  
Environmental Factors 
 
A wide range of salinity values were 
observed in zones 2 and 3 (2– 33), while in zone 1 the 
salinity range was slighter (0– 5) (Fig. 2a). Water 
temperature values were in accordance with seasonal 
trends (Fig. 2b), with the highest values in warm 
months (max. 26ºC) and the lowest in cooler months 
(min. 3ºC). Rainfall was quite abundant during the 
spring months in both years. However, heavy rainfall 
characterized 1997, especially the winter months (Fig. 
2c). Northerly winds predominated throughout the 
year with average speeds of 8 to 12 km h-1. 
 
 
 
Fig. 2. Spatial variation in a) water salinity, and temporal 
variations in b) water temperature and c) water average 
rainfall in Mar Chiquita coastal lagoon during the study 
period. 
 
Ecological Categories in Relation to Environmental Factors 
  
Variation in ED abundance was related to 
spatial and temporal patterns. The model (AIC = 2 
395.5; w = 0.582) which best explained this pattern 
included water temperature, season and zone sampled 
during the study period (Table 2). According to the 
model, the abundance of the ED category 
increased with water temperature in all three zones of 
the lagoon (Fig. 3). ED fish were abundant during 
summer and autumn in all three zones (Fig. 4). The 
most numerous species in this category were 
Brevoortia aurea, Odontesthes argentinensis, Mugil 
liza and Micropogonias furnieri. However, 
abundances of these species were higher in 1997 than 
in 1996. Brevoortia aurea, O. argentinensis and M. 
furnieri were the species which most contributed to 
the high abundance recorded in summer. Brevoortia 
aurea was the most abundant species in zone 3 and O. 
argentinensis in zones 1 and 2. 
 
Table 2. The best minimum model used to explain estuarine 
dependent marine fish (ED) species abundance distribution. 
The intercept and coefficient ± standard error (SD) for the 
variables are given. Ei: season of the year; Zi: zone of the 
lagoon; Ti: water temperature. 
 
Variable Class variable Coefficient ± SD 
Intercept  4.879 ± 0.437 
Ei Aut97 0.674 ± 0.344 
 Spr96 -1.169 ± 0.384 
 Spr97 -0.549 ± 0.392 
 Sum96 -0.650 ± 0.457 
 Sum97 0.929 ± 0.411 
 Win96 -2.150 ± 0.429 
 Win97 -0.086 ± 0.342 
Zi Zone2 -1.003 ± 0.243 
 Zone3 0.561 ± 0.256 
Ti  0.034 ± 0.027 
 
 
 
Fig. 3. ED species abundance related to water temperature 
and zones of Mar Chiquita coastal lagoon, estimated by a 
Generalized Linear Model with a log link and negative 
binomial error distribution. Solid line and open circle, zone 1; 
dashed line and gray solid square, zone 2; dotted line and 
asterisk, zone 3. 
 
The model (AIC = 692.15; w = 0.499) which 
best  explained  the  FW species abundance 
distribution pattern included rainfall, wind direction, 
season and zone sampled during the study period 
(Table 3). According to the model, the abundance of 
FW rose as rainfall increased in all three zones of the 
lagoon, being greatest in zone 1 (Fig. 5a). A rise 
in abundance was also observed when easterly winds 
blew (Fig. 5b). Even though FW fish were more 
numerous in 1996, FW abundance was higher during 
the spring months in both years (Fig. 6). FW species 
were more abundant in the autumn than in the summer 
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months of 1996, in contrast to what was observed in 
1997. The most representative species of this category 
were Platanichthys platana and Jenynsia multidentata. 
The latter was highly abundant in 1997, while P. 
platana was more abundant in 1996. Jenynsia 
multidentata was the species which most contributed 
to the highest abundance of this category, observed in 
zone 1, while P. platana was more abundant in zones 
2 and 3. 
 
 
 
Fig. 4. ED species abundance related to seasons and zones of 
Mar Chiquita coastal lagoon, estimated by a Generalized 
Linear Model with a log link and negative binomial error 
distribution. 
 
EN and OV species abundance distribution 
could not be modeled due to the fact that both 
categories together contributed less than 1% of the 
total  catch.  However,  it was observed that the 
species of these two categories were more abundant in 
1997. Most of these fish were more numerous during 
the warm spring-summer period with water 
temperatures of up to 16ºC, except for Odontesthes 
incisa which only entered the lagoon during the 
autumn months when water temperature were below 
10ºC. 
  
Table 3. The best model used to explain freshwater fish (FW) 
species abundance distribution. The intercept and coefficient 
± standard error (SD) for the variables are given. Ei: season 
of the year; Zi: zone of the lagoon; Wi: wind direction; Ri: 
average rainfall. 
 
Variable Class variable Coefficient ± SD 
Intercept  4.609 ± 0.957 
Ei Aut97 -2.102 ± 0.702 
 Spr96 2.393 ± 0.891 
 Spr97 -1.665 ± 0.745 
 Sum96 -1.042 ± 0.725 
 Sum97 -2.824 ± 0.779 
 Win96 -1.856 ± 1.002 
 Win97 -3.063 ± 0.881 
Zi Zone2 -2.635 ± 0.468 
 Zone3 -1.124 ± 0.472 
Wi North -2.249 ± 0.781 
 South -5.383 ± 1.879 
 West -2.259 ± 0.984 
Ri  0.581 ± 0.177 
 
 
Fig. 5. FW species abundance related to average rainfall, 
wind direction and zones of Mar Chiquita coastal lagoon, 
estimated by a Generalized Linear Model with a log link and 
negative binomial error distribution. a) Solid line and open 
circle, zone 1; dashed line and gray solid square, zone 2; 
dotted line and asterisk, zone 3. b) Solid line and open circle, 
eastern wind; dashed line and black solid triangle, western 
wind; dotted line and gray solid square, northern wind; dot 
and dashed line and asterisk, southern wind. 
 
 
 
 
 
Fig. 6. FW species abundance related to seasons and zones of 
Mar Chiquita coastal lagoon, estimated by a Generalized 
Linear Model with a log link and negative binomial error 
distribution. 
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DISCUSSION 
 
Fish Composition and Ecological Categories 
  
The fish fauna of estuarine systems has long 
been regarded as dominated by estuarine-dependent or 
estuarine-opportunistic marine species, with ecological 
counterparts replacing particular species along a 
geographical latitudinal gradient (VIEIRA; MUSICK, 
1994). During the study period, ED species clearly 
dominated the fish composition of Mar Chiquita 
coastal lagoon as had previously been observed in the 
study area (OLIVIER et al., 1972; COUSSEAU et al., 
2001; GONZÁLEZ CASTRO et al. 2009), as well as 
in similar estuarine systems in Asia (AKIN et al., 
2005), Africa (SIMIER et al., 2006; TREVOR; 
WHITFIELD, 2006), Europe (VEIGA et al., 2006) 
and South America (LOEBMANN et al., 2008). This 
feature may be due to a high tolerance to salinity 
variation (OLIVIER et al., 1972; JAUREGUIZAR et 
al., 2003; VEIGA et al., 2006). Although ED was the 
dominant category everywhere in the lagoon, 
mainly because of its four most numerous species, its 
highest abundance was observed in zone 3, close to 
the mouth of the lagoon characterized by considerable 
marine water influence. Its abundance was twice that 
found in zone 2 and three times that of zone 1. 
Brevoortia aurea was more abundant during 
the summer and autumn months. According to 
Cousseau and Perrota (2004), the species reproduces 
from late October to late December, and in January 
larvae and post larvae of between 15 and 20 mm 
remain on the coast of Mar del Plata city (32 km 
southwest of Mar Chiquita). Juvenile and adult stages 
were collected during the study period, indicating the 
use of the lagoon as both nursery and feeding ground 
after reproduction. 
Odontesthes argentinensis was more 
abundant during the warm spring-summer months, 
especially in zones 1 and 2, and larger sizes were 
present in zone 2. González Castro et al. (2009) found 
ripe and spent females in inner zones of the lagoon 
from winter months to spring months, suggesting 
possible reproductive events within the Mar Chiquita 
coastal lagoon. 
Mugil liza was more abundant in zone 3, 
near to the mouth, during summer months, 
corroborating previous observations (ACHA, 1990; 
COUSSEAU et al., 2001). However, it was also 
collected  in all three zones throughout the study 
period - with peaks in the spring months in zones 1 
and 2. 
Only juvenile stages of Micropogonias 
furnieri were  collected in all three zones of the 
lagoon. Higher abundance of this species was recorded 
during summer months in zone 2. Only large sizes 
were collected in zone 3. Reproduction occurs from 
spring to early summer (MACCHI, CHRISTIANSEN, 
1992) and  juveniles move into estuaries and streams 
from the sea (COUSSEAU; PERROTA, 2004). The 
low abundance found during winter may be due to the 
migration between the estuarine zone and the adjacent 
seawater, which begins in late autumn (HOZBOR; 
GARCÍA DE LA ROSA, 2000). 
FW  species abundance was higher in zone 
1, where the contribution of  streams  and channels is 
considerable and tide effect is insignificant 
(MARCOVECCHIO et al., 2006). The abundance of 
this category increased notably with heavier rainfall 
when  the  volume of  the flow  into the lagoon is 
great, and also when easterly winds blew. These 
abiotic effect factors are important during the spring 
and summer months when rainfall is at a maximum 
(RETA et al., 2001). Moreover, FW species were 
more abundant during the warm spring-summer 
months, thus corroborating the results of previous 
studies undertaken in similar environments 
(COUSSEAU et al., 2001; GARCIA et al., 2003; 
VEIGA et al., 2006). It was also observed that they 
were more abundant during 1996 than in 1997, in 
contrast to ED species. Although during 1997 
heavy rainfall was reported, higher salinity water 
values were observed in zone 1 than had occurred 
in the previous year. This might indicate that some 
factor was restricting the discharge of continental 
water into the lagoon. Southwesterly or southeasterly 
winds limit the discharge of water from the lagoon 
into the sea (RETA et al., 2001) increasing the volume 
of water inside the lagoon and possibly reducing 
the discharge from the tributary streams. This would 
restrict the distribution of FW species inside the Mar 
Chiquita coastal lagoon. In contrast, Garcia et al. 
(2003) observed that FW species were more abundant 
than ED species during rainy years in Los Patos 
lagoon (Brazil). 
  
Ecological Categories Related to Environmental Factors 
  
The effects of water's physico-chemical 
properties on fish community distribution, abundance 
and composition in estuarine ecosystems have been 
studied  by  various authors in both temperate 
(YOUNG et al., 1997; PAPERNO; BRODIE, 2004) 
and tropical and subtropical environments 
(CASTILLO-RIVERA et al., 2002; BARLETTA et 
al., 2005; SIMIER et al., 2006), water temperature and 
salinity being the two main factors affecting fish 
distribution among and within estuarine environments. 
Moreover, Araújo and Costa de Acevedo (2001) have 
established that coastal lagoons present a marked 
stable salinity gradient, which is the main determinant 
of fishes' spatial distribution in these systems, acting 
directly on the osmotic potential of the organisms. No 
influence was observed, during this study, of water 
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salinity on the fish abundance distribution model, 
whether for ED or FW species. In general, ED species 
were present throughout the lagoon. Although 
the larger number of FW species were collected in 
zone 1, where the lowest salinity values were 
registered, Platanichthys platana was the most 
abundant in terms of number of individuals in zone 3, 
close to the mouth and where the highest water salinity 
values were recorded. The influence of Vivoratá 
stream in terms of water discharge to the coastal 
lagoon, as has been mentioned before, would allow the 
occurrence of FW species near the mouth of the 
lagoon. That was the case of the euryhaline-fish 
Bryconamericus iheringii and Jenynsia 
multidentata which have been recorded in this region 
and had also been mentioned previously in the study 
area (AZPELICUETA et al., 1998) and several 
Argentinian water bodies (MAC DONAGH, 1936; 
1937). Therefore, the high abundance of both B. 
iheringii and J. multidentata in those zones with high 
salinity values would be masking the real behavior of 
this fish category, since the rest of the FW species 
were not collected in water with salinity values of 
above 5. 
Conversely, Paterson and Whitfield (2000) 
found that neither water salinity, nor temperature and 
turbidity were correlated with fish distribution in the 
Kariega estuary (South Africa), concluding that fish 
distribution is more closely correlated to water depth. 
In this study no contribution of water depth to 
the explanation of fish species distribution was found, 
probably due to the shallow depths registered in the 
lagoon. The average depth of zones 1 and 2 was 
between 0.8 and 0.9 m. The little depth leads to the 
rapid mixing of the freshwater coming from tributary 
streams with that advected from the estuarine region 
(i.e. zone 3) to marine coastal water by means of wind 
action. Thus, salinity variation depends on tide 
characteristics, wind direction and intensity, and 
freshwater volume present in the lagoon (RETA et al., 
2001). The brusque changes that characterize these 
environments (MOYLE; CECH, 2004) allow the 
occurrence of only those species capable of tolerating 
these particular physical events. 
Thiel et al. (1995) found water temperature 
to be the best predictor of temporal changes in fish 
abundance and species composition in the Elbe estuary 
(Germany). Temperature has been identified as the 
primary abiotic factor controlling the key 
physiological, biochemical and life-history processes 
of fish (BEITINGER; FITZPATRICK, 1979), and has 
been found to influence the utilization of estuaries by 
fishes worldwide (THIEL et al., 1995; HARRISON; 
WHITFIELD, 2006). Generally, fish have a thermal 
preference that optimizes physiological processes 
(SELLESLAGH; AMARA, 2008). Here, this variable 
ranged according to a seasonal trend as has been 
mentioned previously by Reta et al. (2001), who 
observed that mean water temperature values 
correlated to the air temperature thermal cycle and 
weather conditions. It was also observed that in the 
Mar Chiquita coastal lagoon shallow depth allows 
more rapid thermal changes in response to changing 
weather conditions than occur in deeper waters 
offshore. Water temperature was an important factor 
in the ED species distribution model. It was observed 
that fish abundance increased with temperature during 
spring-summer months, thus corroborating previous 
results obtained in similar environments (SUDA et al., 
2002; GARCIA et al., 2003; FRANCO et al., 2006; 
POMBO et al., 2005; VEIGA et al., 2006). This event 
has been mainly attributed to the arrival of marine pre-
juvenile specimens of species that spawn in late 
winter-early spring. High abundance of adult stages 
was also recorded during these periods of the year, 
which may be due to migration into the Mar Chiquita 
coastal lagoon for feeding purposes once reproduction 
has taken place. 
According to the size range capture, eight 
ED species of the nine collected were represented by 
juveniles. This emphasizes the importance of this 
ecosystem as a nursery ground where fish find suitable 
conditions for their development (VEIGA et al., 
2006), better feeding conditions, optimal growth, 
refuge and high connectivity with other habitats 
(BECK et al., 2001). However, little is known 
about the patterns of use of this coastal lagoon by fish 
in their early life stages such as would give us a better 
understanding of the role of the lagoon in fishes' life 
history, a question into which further investigation 
should be encouraged. 
The presence of EN and OV fishes seemed 
to depend on weather conditions that favor the 
intrusion of great volumes of sea water, as has 
previously been observed in the study area 
(GONZÁLEZ CASTRO et al., 2009) where several 
species of both categories have been found near the 
mouth of the lagoon with high water salinity values. 
Results obtained during this study 
established that a differential habitat use by species 
that occur in the lagoon is found. Few ED species 
dominate the fish composition. One group consists of 
those fish species (e.g. Odontesthes argentinensis) 
capable of swimming towards inner areas with mixo-
oligohaline waters. On the other hand, some fish 
species (e.g. Brevoortia aurea) remain near the 
lagoon's outlet to the sea. FW species make use of the 
lagoon under conditions of heavy rainfall when 
freshwater drainage occurs but only in areas where 
tidal action is barely noticeable. However, several 
other potential factors involved in structuring fish 
assemblage distribution within estuarine 
environments, such as food availability (KNEIB, 
1997), dissolved oxygen and turbidity (GARCIA et 
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al., 2003; POMBO et al., 2005) or biological 
interactions (group behavior, competition and 
predation) (MARTINO; ABLE, 2003), should be 
considered in further studies. 
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